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RESEARCH MEMORANDUM

EFFECTS OF EXTERNAL STORES ON THE STATIC LONGITUDINAL AND
LATERAT, AERODYNAMIC CHARACTERISTICS OF A MODEL OF
A 45° SWEPT-WING FIGHTER ATRPLANE AT
MACH NUMBERS OF 1.6l AND 2.0l

By Gerald V. Foster and Cornelius Driver
SUMMARY

An investigation has been conducted in the Langley L- by k-foot
supersonic pressure tunnel to determine the effects of various external-
store configurations on the longitudinal and lateral aerodynamlic charac-
terigtics of a model of a hso swept-wing fighter airplene. ZPylon-mounted
stores located at 23.8, 46.2, and 67.0 percent of the wing semispan were
tested individually and in various combinstions. The inboard stores
relative to outboard stores were similar in shape but approximetely
25 percent greater in size. The stores located at 46 .2 percent of the
wing semispan represented a large fuel tank and had an unsymmetrical
shape.

The addition of all stores resulted in an increage.in drag.coeffir -~ -,
cient of the model at zero lift coefficient from 0.038 to 0.057 at a Mach
nuber of 1.6L. All stores with the exception of thg outboard stores
resulted in small positive trim change in the pitching-moment character-
istics. The inboard stores and those combinations of stores including
the inboard stores resulted in a decrease in directional stability at
both Mach numbers. This is associated with the adverse effect of the
stores on the vertical tail. : - ’

INTRODUCTION T om

An investigation has been conducted in the Langley 4- by 4-foot
supersonic pressure tunnel to determine the aerodynamic characteristics
of a model of a 45° swept-wing fighter airplene through a range of Mach
pumbers from 1.41 to 2.01L. Reference 1 presents results of the investi-
gation pertaining to the:static longitudinal stability and control charac-
teristics of the model. Referggﬁg;?zﬁégﬁﬁnts the lateral and directional
stability characteristics of thHe model.
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The present paper contains results showing the effects of various
arrangements of external stores on the aerodynamic characteristics of
the model in pitch and sideslip for Mach numbers of 1.61 end 2.01. In
order to expedite the issuance of this information, only a brief analysis
had been made of these data.

COFFFICIENTS AND SYMBOLS

The force and moment data have been reduced to coefficient form. The
1ift, drag, and pitching moments are referred to the gtability-axis system;
whereas, the lateral force, rolling moment, and yawing moment are referred
to the body-axis system with the reference center of gravity at a fuselage
longitudinal station corresponding to the 37.5-percent point of the wing
mean geometric chord. (See figs. 1 and 2.) The coefficients and symbols
are as follows:

Cy, 1lift coefficient, Fp /qS
) longitudinal-force coefficient, F} /qs
Cn pitching-moment coefficient, Mx/qSE
Cy lateral-force coefficient, Fy[qS
Cy . rolling-moment coefficient, MX/qu
Cp X yawing-moment coefficient, MZ/qu
P} drag, 1b
Fy, 1ift, 1b
Fy lateral force, 1b
My moment about X-axis, ft-1b
MY moment about Y-axis, ft-1b
Mg moment about Z-axis, £t-1b
a free-stream dynamic pressure, 1b/sq £t
L rnpiini i
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S wing area including body intercept, sq ft
b wing span, ft

A agspect ratio

Mp sweep of leading edge, deg

A taper ratio

c wing mean geometric chord, ft

Ct horizontal-tail mean aerodynsmic chord
Cy vertical-tail mean aerodynsmic chord

M Mach number

a angle of attack, deg

B angle of sideslip, deg

ACﬁ incrementsl longitudinal -force coefficient
&CH incrementagl yawing-moment coefficient

ACz incremental rolling-moment coefficilent
Ll incremental latersl-force coefficient

Cnﬂ static directionsl stebility derivative
ClB effective dihedral derivative

Model designations:

W ' wing

B body

H horizontal tail

Vo original vertical tail

c - I,
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MODEL

Geometric characteristics of the model are given in figure 2 and
table I. The model was equipped with pylon-mounted stores located at
23.8, 46.2, and 67.0 percent of the wing semispan. The inboard and out-
board stores were constructed to Douglas Aircraft Company, Inc., (DAC)
coordinates and represented 1,000-pound and 500-pound bombs, respectively.
The stores located at 46.2 percent of the wing semispan represented large
fuel tanks and had an unsymmetrical shape and were equipped with fins.
Figure 3 shows schematically some details of the store arrangements.

The model was sting-supported with a six-component strain-gage bal-
ance enclosed within the fuselage.

TESTS

The tests were conducted in the Langley 4~ by 4-foot supersonic pres-
sure tunnel at Mach numbers of 1.6l and 2.0l with a stagnation pressure
maintained at 6 pounds per square inch absolute and a stagnation tempera-
ture at 100° F. The dewpoint was held at approximately -20° F.

The individual and combined effects of the tanks, outboard stores,
and inboard stores on the longitudinal and lateral aerodynamic character-
istics of the model were investigated. Tests were made to a maximum
angle of attack and sideslip of spproximately 20°. With increase in side-~
slip angle and/or Mach number, it was necessary to decrease the angle-of-
attack range of the tests due to structural limitations of the apparatus.
The Reynolds numbers corresponding to the Mach numbers of 1.61 and 2.0l

were 1.34 X 10% and 1.16 x 106, respectively.
RESULTS

The results obtained with various store arrangements are presented
in figures 4 to 13. It should be noted that the modified vertical tail
used during tests at M = 1.61 had approximately 27 percent more area
than the original tail used during tests at M = 2.01.

The angles of attack and sideslip have been corrected for deflections
of the balance and sting under load. On the basis of pressure measure-
ments made at the base of the fuselage, the longitudinal-force coefficlents
were gdjusted to correspond to free-stream static pressure at the base.
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Accuracy

The estimated errors in the various measured quantities are as
follows:

M=1.61L | M=2.0L
Cp o o o o« . +0.004h +0.0051L
Che v v v v o v £0.0005 +0.0007 .
Cop o o o o o o o & +0.0017 +0.0021
Cp oo o o o o o o s +0.0003 10.0003
Cy « o o o o o o s £0.0020 £0.0020
Cyo o v o v v v +£0.0002 +0.0002

Also,

CL, B, d-eg e o o e e ¢ o . o ® ® 6 e & e © o 8 © + * e ¢ e e s o to.l

M&Ch D.Umber e e e .6 e s e o 6 s+ & & & e & ° e ® e+ 6 & s 6 e o @ '.|:0 . Ol

Remarks on Effects of Stores

The addition of various stores resulted mainly in an increase in
drag. The addition of either the inboard or outboard DAC stores resulted
in an incremental drag coefficient AC]) near Cp =0 at M= 1.61 of

approximately 0.0040 (fig. 10). This is of particular interest when it
is considered that the inboard DAC stores were approximately 25 percent
larger than the outboard DAC stores. The tanks, which were apprecisbly
larger than either of the DAC stores, resulted in an incremental drag of
0.0100. The addition of all stores resulted in an increase in drag coef-
ficient of the model at zero 1lift coefficient from 0.038 to 0.057 which
amounts to an increase of approximetely 10 percent more than the sum of
the incremental drag coefficients obtained with these stores attached
individually to the model.

All stores with the exception of the outboard DAC store caused small
positive trim changes.

GUNEE————
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The results obtained for M = 2.01 (fig. 5) with and without the
horizontal taill on indicate that a small decrease in longitudinal stability
due to the addition of stores occurred only for the configurations with the
horizontal tail on; hence, it would appear that the decrease in longitudi-
nal stebility is the result of an interference effect of the stores on the
horizontal tail.

The data presented in figures 6 and 7 indicate that, within the
limite of the investigation, all store configurations with the exception
of the outboard DAC stores alone caused an increase in positive effective
. dihedral. The results obtained with various individual stores (figs. 6
and 11) indicate that the addition of the inboard DAC stores resulted in
a decrease in Cnﬁ at o =0° (M= 1.6l) becoming zero at o = 15°;

whereas, the addition of the tanks resulted in an increase in CnB for

angles of attack greater than approximately 12°. The effects of combina-
tions of stores on CnB as compared with the effects of various individ-

ual stores were somewhat more unfavorgble at low and moderate angles of
attack. A comparison of figures 6 and 7 indicates that the effects of
inboard DAC stores in combinstion with the tanks on the CnB and ClB

were essentially the same at M = 2.01 as at M = 1.61. On the basis
of results presented in figure 8 for M = 2.0l1, it appears that adverse
effect of inboard stores or combinations of stores including the inboard
stores arises from interference effects of the stores on the vertical
tail.,

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Lengley Field, Va., May 25, 1956.
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TABLE I.- GEGMETRIC CHARACTERISTICS OF

Wing:
Area, sq ft . . . . .

o ]

Span, in. e s e s e o 6 o o s e
Aspect ratio ¢« ¢ ¢ ¢ 0 0 o e e
Taper r8t1i0 o ¢« ¢ o o o o ¢ o o o
Mean geometric chord, in. .« e o e
Sweep of quarter-chord line, deg .

Incidence, deg . . .

Dihedral, deg . « « o « ¢ o « o o &
TWiSt, AEE « o o o o o« o o o o o »
Airfoil section . « + + ¢ ¢« ¢« & o &
Horlizontal tail:
Area, 8 £t « . . ¢ ¢ o ¢ 4 o o o
Span, in. s e e s e e e e e e
Agpect ratio . . .« . . o o . o . .
Taper ratio . . e e s o o o o o
Mean geometric chord in., « o o e

Sweep of quarter-chord line, deg .

Airfojl section . . .

Tail length, 0.258 of wing to 0. 256

tail in L] L] L L]

Original vertical tail:
Area, 8 ft « ¢ v ¢ ¢ 4 o 4 0 o o .
Spen (exposed), in. . « « ¢« « . .
Aspect ratio . . ¢« + ¢ ¢ ¢ o . o .
Teper ratio « ¢« ¢« ¢« ¢ ¢ ¢ o o o o &«
Mean geometric chord, in. e 4 e

Sweep of quarter-chord line, deg .

Airfoil section . . .

¢ e

Tail length, 0.25C of wing to O. 256

tail, in. o o e s

Modified vertical tail:

Area, sqft . . . . . . . .

SPEINL ¢« « o o o o o o o o o o s e o
Aspect ratio . . . . e e e o o e
Mean geometric chord, in . . o
Sweep of quarter-chord line, deg .
Airfoll section . . e o o @
Tail length, 0.25% of wing to 0.25C

tail, in. e e o s o o o s s e o

Fuselage:

in‘ L]
area, sq ft . . . . .

Length,
Frontal

of vertical

of verticel

THE MODEL

1.89
32.41
3.86
0.262
9.38
45

0

e s o 0

“ ... 0
NACA 6l(0g)A00T

0.48
15.73
3.54
0.302
L .88

45
NACA 65A003.5

12.07

0.164
5.16
1.10

0.428
k.90

45

NACA 65A003.5

13.3%6

0.213

6.66
1.5
5.61

. 45
NACA 65A00%.5

1h k2

Lo.k45
0.13
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(a) Stability-axis .system.

Fgure 1.~ Axls systems. ArTOws indicate positive directions.
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Relative wind

Body X—oxis\

Relative
wind

Body Z—axis

(v) Body-axis system.

Figure 1l.- Conecluded.
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(a) Three-view drawing of model.

Figure 2.~ Details of model. All dimensions in inches.
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Original Modified

49.735° 49,735°

1IO .45
4278 3020
Modified

Original

/‘

6.66

5.16
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(b) Plan view of originsl and modified vertical tail.

Fig‘UI‘B 2 . CDnCl'lldEd »
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Flgure 3.~ Sketches showing position and relative slze of external stores.
A1) dimensions in inches.
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Store
Off
Qutboard
0 Inboard
Tank i
Cm -l Outboard,, inboard,, tank
Inboard , tank

a,deg

Figure 4.~ Effects of various store arrangements on the longitudinal aero-
dynamic characteristics. Modified vertical tail; B = 0°; M = 1.61.
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Figure 5.- Effect of inboard stores and tanks in combination on the lon-
gitudinal aerodynamic characteristics of the model with and without
the original vertical tail. B = 0°; M = 2.01.
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Figure 5.~ Continued.
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Figure 5.~ Concluded.
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B, deg

() a = 0°.

Figure 6.~ Effect of various arrangements of stores on the latéral aero~

dynamic characteristics for various angles of attack. Modified ver-
tical tail; M = 1.61. '
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Cn

B, deg

(b) o= 8°.

Figure 6.~ Continued.
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(¢) o« = 15°.




(¢) «=15°.

Figure 6.~ Continued.
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B, deg

(d) a = 20°.

Figure 6.- Concluded.

SO T AT




22 C Qpibmy, NACA RM I56F15a

(&) o = 0°.

Figure T.-~ Effect of inboerd stores and tanks in combination on the lat-
eral aerodynamic characteristics of the model with ‘and without the
original vertical tail for various angles of attack. M = 2.01.
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B.deg

(b) o = 4°.

Flgure T7.- Continued.
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B.deg

(¢) a = 8°.

Filgure T7.- Concluded.
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(a) o= 0°.

Figure 8.- Effect of inboard stores and tanks in combination on the lat-
eral aerodynamic characteristics of the wing-fuselage configuration
with and without horizontal tail for various angles of attack.

M= 2.01.
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B.deg

(b) o« = 4°.

Figure 8.~ Continued.
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Cy

B,deg

(¢) o= 8°.

Figure 8.- Concluded.
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0 2 4 6 8 10 12 14 16 18 20
B, deg

() a = 0°,

Figure 9.- Effect of inboard stores and tanks in combination on the lat-
eral aerodynamic characteristics of the wing-fuselage configuration
with and without the original vertical tail for various angles of
attack. M= 2.01.
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(b) o =14°.

Figure 9.- Continued.
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Figure 9.- Concluded.
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Store

Cutboard

——rmmm——— Inboard

Tonk

- Outboard, Inboard, Tank
---—— |nboard, Tank .

it T T
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(a) Modified vertical tail; M = 1.61.
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(b) Original vertical tail; M = 2.01.

Flgure 10.~ Incremental change in longitudinal-force coefficient due to
various arrangements of the external stores on the complete model.

B=Oo.
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Store
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-------- Qutboard
— - —Inboard
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——-—-—rInboard, tanks
002 T
_—% HH df i H i‘:gi J,J‘F
RII i T PO e s
c 0o [t e
n N ”F‘ f_l 3 2] 1 t ‘i ]
B '] H H <] 1] 5. i
1 L ':N. o i
0 ; r +N: M

() Effect of individual stores.

HE e
. fo HiH g
bas PSS s8pes pens:
L H
HE
123 T
1:1
it T
1t 1t
be I L +
3 I T=aa
T It
fait T
1 1 > 1
1 tHHT : 1
C 001 i I 3
n . el : L BT
¥ o1
1 ol
H
T 14 533!
1 :J 314 E:
35 b
1
H
HH

12 16 20

Olm=
@

a, deg

(b) Effect of stores in combination.

Figure 11.- Effect of various store configurations on the variation of
CnB with «. Modified vertical tail; M = 1.61.
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Figure 12.~ Ineremental change in Cp,

arrangements of external stores on the complete model.
vertical tall; M = 1.61.
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Figure 13.- Incremental change in Cp, Cy, sand C; due to inboard
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